INTRODUCTION
The reported incidence of pediatric renal stones is 50 cases/100,000 children. [1] Treatment options for renal stones in pediatric population include shock wave lithotripsy (SWL), percutaneous nephrolithotomy (PCNL), retrograde intrarenal surgery, and laparoscopic and/or robotic approach. [2] Management of such cases usually poses challenges to a pediatric urologist to choose the ideal treatment modality with high stone clearance rate and low morbidity. [3] The European Association of Urology guidelines recommended the PCNL as the therapy of choice for complex renal stones and when unfavorable factors for SWL exist. [4] The standard PCNL tract may be too large for pediatric kidneys and meanwhile poses a significant risk of bleeding and increased morbidity. [5] Miniperc technique was introduced by Jackman et al. in an effort to reduce the morbidity related to standard PCNL. [6] The purpose of this study was to review our experience with the Miniperc technique in pediatric age group to assess its safety as well as appropriate inclusion criteria.
RESULTS
Our study recorded 25 (73.6%) boys and 9 (26.4%) girls who underwent one-session single tract Miniperc technique. The mean patient's age was 8.8 ± 3.7 years. Fifty-three percent of the patients (18 of 34) had stones in the left kidney and 47% (16 of 34) in the right kidney. Previous ipsilateral open renal stone surgery was recorded in three children. Stones were solitary in 64% (pelvic in 53%, calyceal in 11%) and multiple (pelvic and calyceal) in 36%. Stone density was graded on three levels based on comparison with the adjacent rib (3: more dense detected in 70%, 2: isodense in 18%, and 1: less dense in 12%). Stone size varied from 18 to 30 mm (mean 23 mm). We reported the effect of different stone characters on stone-free rate (SFR), and there were no statistically significant differences regarding these characters [ Table 1 ]. Mild-to-moderate hydronephrosis was noted in all patients. Pneumatic lithotripter and holmium: YAG laser were used in 16 and 18 patients, respectively. Mean operative time was 50 min. It was calculated from beginning of cystoscopy till fixation of the stent or tube. There were no intraoperative complications in all cases. Only two cases reported postoperative complications of Grade 2a (potentially life-threatening complications required medications only). Sepsis was reported in one case with renal pelvic and lower calyceal stone 2.5 cm and suspected due to prolonged procedure (90 min). Bleeding was recorded in another case
MATERIALS AND METHODS
Between August 2012 and January 2015, 34 patients (25 males and 9 females) with renal stones <3 cm underwent stone extraction using Miniperc technique. Indications for surgery included failed SWL, large stones that required repeated sessions, and patients whose families desired one-session therapy. The mean age of children was 8.8 ± 3.7 years ranged from 5 to 15 years. Informed consent from parents of all participants was written and specified in the operative consent. Approval for this study was obtained from the ethics committee of our hospital.
Initial evaluation included detailed history, routine hematological investigations including coagulation profiles, urine analysis, and culture. Radiologic examinations including plain X-ray of the kidneys, ureter, and bladder (KUB), renal ultrasound, intravenous urogram, or computed tomography (CT) were performed routinely to assess the stone characters, identify the anatomy of collecting system, and provide an anatomical proof for establishing percutaneous tract. Postoperative radiological screening was done at day 1, then after 1 and 3 months by KUB, and ultrasound and/or CT for the evaluation of residual stones and any reported complications. Postoperative complications were graded by the Clavien-Dindo classification. [7] 
Miniperc surgical technique
Under general anesthesia and with administration of intravenous broad-spectrum antibiotic 1 h before induction, the child positioned in the dorsal lithotomy position and an 8.5 Fr pediatric Storz cystoscope was used for retrograde stenting of the affected kidney by 4-5 Fr ureteric catheters. After the patient turned to prone position, the desired calyx punctured, then the tract was dilated by means of coaxial progressive fascial dilators, and a 14 Fr working sheath was placed under fluoroscopy. We used 8/9.8 Fr rigid ureteroscope (R-URS) (Richard Wolf, Knittlingen, Germany) with pneumatic lithotripter (LithoClast ™ Richard Wolf GmbH, Knittlingen, Germany) or 20 W holmium:YAG laser (Lumenis, Santa Clara, CA, USA), 200-μm laser fiber with an energy output of 0.8-1.5 J at 8-12 Hz for stone fragmentation. Big fragments >2 mm were removed with a forceps. Stone clearance was assessed under fluoroscopy, and finally, 5 Fr DJ stent was inserted through the tract (removed after 3-4 weeks) or ureteric catheter left in place according to surgeon's preference. Nephrostomy tube of suitable size may be used to drain the kidney in suspected bleeding or residual stones and removed accordingly after 2-3 days postoperatively. who required no blood transfusion while nephrostomy tube was inserted for 3 days and removed after clamping and the child discharged with DJ stent removed after 3 weeks. The mean hospital stay was 48±12 hours. There is no consensus on the definition of SFR. It is usually considered as stone fragments smaller than 2 mm. The overall SFR was 82.4% (28 of 34 patients). The remaining 6 (17.6%) patients were considered unsuccessful due to residual stone fragments need auxiliary procedures. Of these patients, four performed SWL as the residual stone was 5 mm in one patient and three patients refusing second-look PCNL with complete stone clearance after one session. Two patients with 7 mm stone lower calyx refusing secondary procedure while follow-up of them up to 6 months revealed stable stone size without documented urinary tract infection (UTI). After secondary procedures, 94% of the patients achieved the stone-free status. Follow-up was completed for all patients after 1 month, while only 30 and 25 patients completed the follow-up after 3 and 6 months, respectively. Five patients recorded recurrent attacks of ipsilateral renal pain during follow-up. UTI without obstruction reported in one patient and completely eradicated after treatment according to culture and sensitivity, while the remaining four patients underwent noncontrast head CT and urine analysis without any detected cause.
DISCUSSION
The main goal in the management of pediatric stones is to achieve complete clearance, eradication of infection, and correction of any metabolic or congenital disorders. All stone treatment modalities are applicable in pediatric age group. The guidelines recommended SWL as the first-line treatment for pediatric renal stones ≤20 mm. [8] While due to lower re-treatment rates requiring less auxiliary procedures, PCNL has gradually become the mainstay replacing SWL for treatment of large stone burdens in children. [9] Although traditional PCNL carries the advantages of clear vision and high stone clearance, while in pediatric patients, it can still be associated with significant complications, such as uncontrolled hemorrhage attributed to using large instruments in smaller kidneys. [10] Performing the standard PCNL with a miniature endoscope via a small percutaneous tract (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) is termed as minimally invasive PCNL or Miniperc. Few reported series of Miniperc in children exists. Jackman et al. developed the novel percutaneous access technique Miniperc using a 13 Fr peel-away sheath and reported 85% SFR for 11 procedures in seven children with a mean age of 3.4 years. [11] In other small series, the Miniperc was done safely and effectively in children with a mean stone burden of 1.5 cm in most studies and SFR of 70%-95%. [12] [13] [14] In our initial experience with Miniperc, we evaluated the SFR in relation to different stone characters. There was no significant difference according to these characters. The mean stone size was 23 mm which was expected to lead to lower clearance, while the overall early SFR was 82.4% which increased to 94% after secondary procedures. This is may be due to stone dusting settings used during laser (increased frequency and lower wattage). The SFR in this study was comparable with other studies on Miniperc in children done through a 14-16 Fr sheath. Bilen et al. [15] reported 90% SFR using 14 Fr Miniperc in children with a mean age of 6.3 years. Wang et al. [16] reported their results of Miniperc on children aged under 3 years. All procedures were performed by single tract, including 245 14 Fr tracts, one 16 Fr tract, and one 12 Fr tract, respectively. Majority of cases had stone burden 1-2 cm. Mean operating time was 32.5 min (range 21-62 min). Complete SFR has been reported as 97.2%.
In our study, the mean operative time was comparable to that reported by Nischith and Saptarshi (58 min) in 20 Miniperc pediatric patients. [17] In another study of 26 cases of Miniperc through 14 Fr sheath using a 9.5 Fr (R-URS) with holmium:YAG laser lithotripsy, the operative time reported was 71.08 min, which considered by the authors as the drawback of Miniperc related to diminished field visibility and the need for prolonged lithotripsy to obtain small fragments suitable for extraction through the small sheath. However, they reported 19.2% of cases with stones size 3-4.8 cm. [18] The aim of the Miniperc is to reduce complications such as blood loss, intraoperative-postoperative pain, and hospital stay.
As bleeding significantly correlated with operative time, stone complex, and sheath size in pediatric patients, [19] using 8/9.8 Fr (R-URS) via 14 Fr tract obviously reduced the damage of renal parenchyma and vessel. Many studies on Miniperc reported no blood transfusion. [13, 20, 21] However, one study required blood transfusion in 4 (15%) patients using a 14 Fr sheath. [22] In our study, there was only one patient of postoperative bleeding that required no blood transfusion. He had complex pelvic and middle calyceal stone about 2.8 cm. The small tract of the procedure with high intrapelvic pressure may lead to pyelovenous-lymphatic backflow that may be complicated by bacteremia and postoperative fever. [23] In this study, we lowered the intrapelvic pressure using operating instruments that are smaller than the access sheath to allow the leakage of irrigating fluids and also keep inflow of irrigants at gravity and never pressurized. This may be responsible for reporting only one case of sepsis due to prolonged procedure.
One of the limitations of our study is the small number of patients and it was conducted at single center. However, as it is one of few prospective studies about the use of Miniperc in pediatric age group with different stone characters, we believe that it will be of value to the literature. A comparative study with conventional PCNL with long follow-up period should be done.
CONCLUSION
With our initial experience, Miniperc is safe and not related to major blood loss or other serious complications and could be reasonable alternative for renal stones in children.
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